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Objectives. The purpose of this study was to compare the
mechanisms, predictors and outcome of patients with failed direct
coronary angioplasty of the Infarct-Mated artery with those in
patients with successful direct Angioplasty .
Background. Direct coronary angioplasty of the infarct-related
artery, without antecedent thrombolytic therapy, is an effective
treatment for patients with acute myocardial infarction. Concern
has been expressed over high mortality rates in patients with failed
direct infarct angioplasty .
Methods. All patients treated by angioplasty were prospectively
entered into a computer data base. The characteristics and
outcome of all patients with failed direct angioplasty were re-
viewed and compared with those of patients with successful direct
angioplasty .
Results. Direct angioplasty was successful in 705 (94%) d 750
patients and unsuccessful in 45 (6%) . Patients in the failure group
were more likely to be in cardiogenic shuck (22% vs. 7%, p <
0.003), to have had a previous myocardial infarction (44% vs .
Direct percutaneous transluminal coronary angioplasty with-
out antecedonz thrombo!ytic therapy, when successful, is a
safe, effective treatment for patients with acute myocardial
infarction. High primary success, low procedural complica-
tion rates and excellent long-term survival have been re-
ported (1-6) . Concern has been expressed, however, over
high mortality rates in the subset of patients with failed
direct angiop~asty (5,6). This report coinpares the mecha-
nisms, predictors and outcome of patients with unsuccessful
and successful direct coronary angioplasty
. The effect of
unsuccessful direct angioplasty on patient survival was also
examined .
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28%, p < 0.03) and to have three-vessel coronary artery disease
(44% vs. 23%, p < 0.003) . Age, gender, ejection fraction,
previous bypass surgery and diabetes mellitus were similar in both
groups. Only the presence of multivessel coronary artery disease
(p < 0.004) and cardiogenic shock (p < 0.025) were independent
predictors of failed direct angioplasty . In-hospital death (31 % vs .
4.8%, p < 0. 1) and the need for emergency coronary artery
bypa% surgery (27% vs. 0.5%, p < 0.0001) were more frequent in
patients with unsuccessful than in patients with successful direct
angioplasty . Patients with failed direct angioplasty and in-hospital
death usually had multiple high risk characteristics, including
earthogenic shock (50%) . previous myocardial infarction (43%)
and multivessel coronary artery disease (93%) .
Conclusions. Direct coronary angioplasty is an effective
method for estabi6hing rcperfusion in acute myocardial infarc-
tion. Procedural failure is infrequent, usually occurring in pa-
tients with high risk baseline 0aracteristics .
(J Am Coll Cardiol 1993,22 .-690-4)
Methods
Patients. Since 1981, all patients treated with angioplasty
by a single group of cardiologists a'. our institution have been
prospectively entered into a computer data base . The study
group consisted of 750 consecutive patients treated with
direct angioplasty of the infarct-related artery as primary
therapy for acute myocardial infarction
Patients were considered for angioplasty if they had chest
pain consistent with ongoing myocardial ischemia persisting
>30 min and 2tl-mm ST segment elevation in two or more
contiguous electrocardiographic (ECG) leads and they or
their family had given informed written consent . Patients
were excluded from analysis if they had been pretreated with
a thrombolytic agent, if acute coronary occlusion occurred
aWr elective angioplasty or if they presented to the emer-
gency room >6 h after the onset of chest pain without
clinical or ECG evidence of ongoing ischemia . Patients with
"stuttering" ischemia presenting >6 h but <24 h after pain
onset were included. No patient was excluded from the
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study because of age, cardiogenic shock, bleeding diathesis
or previous or ongoing cardiopulmonary resuscitation . Thus,
this study included both patients who were Pnd patients who
were not eligible to receive thrombolytic therapy .
Angloplasty protocol. The protocol for direct coronary
angioplasty has been described in detail elsewhere (1) . In
brief, patients received 10,000 to 20,000 U of intravenous
heparin in the emergency room or catheterization labora-
tory. Intravenous lidocaine, oral aspirin (325 mg), sublingual
isosorbide dinitrate (5 mg) and intravenous verapamil (5 mg)
were routinely administered . Patients also received 500 ml of
intravenous dextran if they had preserved left ventricular
function or 100 to 2N) ml if they had moderately depressed
left ventricular function and no dextran if they had poor left
ventricular function . An additional 5,000 U of intravenous
heparin was given every hour of the angioplasty procedure .
In the majority of patients, coronary angioplasty was
performed with a 1614-in
. (0.036 cm) or 0.018-in . (0,046 cm)
guide wire and an over the wire balloon catheter
. After
angioplasty, heparin was continued for 36 to 48 h and
adjusted to maintain the partial thromboplastin time 2 .0 to
2.5 times the control value . After removal of the arterial
sheath, heparin was continued for I to 3 days . All patients
were maintained on a regimen of aspirin (325 mg three times
daily), dipyridamole (75 mg three times daily) and an oral
calcium antagonist .
Definitions. The angioplasty procedure was considered
successful if the residual stenosis (assessed visually) was
<40 in all views and no major procedural complication
(death or emergency bypass surgery) occurred
. Emergency
bypass surgery was defined as emergency surgery performed
in those patients sent directly from the catheterization labo-
ratory to the operating room . In general, the criterion for
performing emergency surgery was failure of the procedure
with ongoing evidence of myocardial ischemia or significant
myocardium at risk that could be treated by bypass grafting .
Cardiogenic shock was defined as a systolic blood pressure
<80 mm Hg, with clinical evidence of systemic hypoperfu-
Sion.
Statistics. Data are reported as the mean value ± I SD
.
Multiple stepwise logistic regression analysis was used to
identify variables that independently contributed to proce-
dural failure (BMDP statistical software, 1988) . The vari-
ables chosen included age, gender, age >70 years, time to
reperfusion, cardiogenic shock, previous bypass surgery,
diabetes mellitus, previous myocardial infarction, number of
diseased vessels and infarct location . The Fisher exact test
and Student t test were used to identify differences in
discrete and continuous variables, respectively .
ASKS
Baseline characteristics (Table 1) . Baseline characteris-
tics for the entire group and the subsets with success and
failure are given in Table 1 . Direct coronary angioplasty was
unsuccessful in only 6% of patients . Patients in the failure
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Table t . Hahn Characteristics of Patients Treated With Direct
Coronary Angioplasty for Acute Myocardial Infarction
4p < 0
.003 . ip < 0 .03 . CAI3G = coronary artery bypass grafting
; EF
ejection fraction ; MI = myocardial infarction .
group were more likely to have precxisting cardiogenic
shock, to have had a previous myocardial infarction and to
have multivessel coronary artery disease . Age, gender,
ejection fraction, previous bypass surgery and diabetes
mellitus were similar in both groups .
Predictors of failed direct coronary angioplasty . Only the
presence of multivessel coronary artery disease (p < 0
.004)
and cardiogenic shock (p < 0.025) were independent predic-
tors of failed direct angioplasty . Age, gender, time to reper-
fusion, previous bypass surgery, previous myocardial infarc-
tion and direct location were not predictive of failure .
Hospital mortality with failed direct coronary angioplasty .
Patients with failed direct coronary angioplasty had a higher
in-hospital mortality rate (31% vs . 4.8%, p < 0 .0001) and
were more likely to undergo emergency coronary artery
bypass surgery (27% vs . 0.5%. p < 0.0001) than were
patients with successful direct angioplasty
.
Characteristics of patients with failed direct coronary
angioplasty and in-hospital death (Table 2) . These patients
commonly had cardiogenic shock (50%), frequently had had
a previous myocardial infarction (43%) and usually had
multivessel coronary artery disease (93% .
Cause of in-hospital death in patients with failed and
successful direct coronary angioplasty (Table 3)
. Death after
emergency bypass surgery and cardiogenic shock accounted
for the majority of deaths in patients with failed direct
coronary angioplasty . Cardiogenic shock and acute vessel
closure accounted for most of the deaths in patients with
successful direct angioplasty .
There were seven patients (26%) with failed direct angio-
plasty who died in the hospital and did not initially present
with cardiogenic shock . Six (86%) of these seven patients
had multivessel coronary artery disease
. Three of the seven
died after bypass surgery, two developed progressive shock
and two could not be resuscitated after cardiac arrest
.
Procedural Outcome
Overall
(n = 750)
Success
(a = 705) (94%)
Failure
(n = 45) (6%)
Mortality 49(6 .4%) 34 (4 .8%) 14(31%)
W 40 cum age ;
range)
60; 30-85 60 ; 30-84 63 ; 43-85
Men (%) 73 73 71
Age >70 yr 150(200/0) 138 (20%) 12 (27%)
EF <40% 220(2917) 203 (29%) 17(387o)
Cardiogenic shock 60 (8%) 51 (7%) 10 (22%)*
Previous CABs 81(11%) 74(10%) 7 (1601o)
Diabetes mellitus 00 (13%) 90(13%) 10(22%)
Previous M1 215 (29%) 195(28%) 20 (44%)t
One-vessel disease 326 (44%) 313 (44%) 13 (2911/c)
Two-vessel disease 243 (32%) 231 (33%) 12 (27%)
Three-vessel disease 181 (24%) 161 (23%) 20 (44%)*
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Table 2 . Characteristics of 14 Patients With Failed Direct
Coronary Angioplasty and In-Hospital Death Compared With
Characteristics of 31 Patients With Failed Direct Angioplasty
and Hospital Survival
*p < 0.0006,
tp
< 0 .01 . Values presented are mean value ± SD or number
(%) . LAD = left anterior descending ; LCx = left circumflex ; RCA = right
coronary artery ; SVG = saphenous vein graft ; other abbreviations as in
Table I .
Emergency coronary artery bypass graffing . Of the 45
patients with failed direct coronary angioplasty, 12 (27%)
were sent for emergency bypass surgery . The decision to
send the patient for emergency bypass surgery was based on
acute closure of a vessel that could not be redilated in nine
patients, acute closure and cardiogenic shock in two patients
and left main equivalent coronary artery disease in one
patient. Five (42%) of these 12 patients died .
Mechanism of f direct coronary an plasty (Table 4) .
The inability to cross the lesion with a guide wire, ineffective
baltwo dilation and acute vessel closure were the most
common reasons for failure . Of the 13 patients with ineffec-
tive balloon dilation, 4 had the "no reflow" phenomenon, 5
had saphenous vein graft dilations in which a large thrombus
burden could not be overcome and I had a lesion that could
not be dilated despite high balloon inflation pressures ; in 3
the cause of failure could not be determined .
T 3
. Cause of In-Hospital Death in Patients With Failed and
Successful Direct Coronary Angioplasty
CABO = coronary artery bypass surgery .
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Table 4. Mechanism of Failed Direct Coronary Angioplasty
Discussion
Direct coronary angioplasty, without antecedent throm-
bolytic therapy, is a highly effective and safe method for
establishing coronary artery reperfusion in patients with
acute myocardial infarction (1-6) . Patency rates >90%, a
low incidence of bleeding complications and excellent long-
term survival have been reported (1-6) .
Failed reperfusion after direct coronary angioplasty usu-
ally occurs in patients with multiple high risk baseline
characteristics . Multivessel coronary artery disease, cardio-
genic shock and previous myocardial infarction were com-
mon in patients with failed direct angioplasty . These char-
acteristics, often associated with diffusely diseased coronary
arteries, may explain some of the difficulties encountered in
crossing and effectively dilating the infarct-related art, ry in
this subset of patients .
Patients with unsuccessful direct angioplasty had a much
higher in-hospital mortality rate than that of patients with
successful angioplasty (31% vs . 4.8%). The only clinical
characteristic predictive of Mum was the presence of
cardiogenic shock. The angiographic appearance of multi-
vessel coronary disease also predicted failed direct angio-
plasty .
C logenic shock. The prognosis of patients with acute
myocardial infarction complicated by cardiogenic shock has
remained essentially unchanged over the past 10 years (7).
Despite improvements in coronary care, mortality rates in
many series exceed 80% (7,8) . Thrombolytic therapy has
consistently failed to show a beneficial effect on mortality in
acute myocardial infarction complicated by cardiogenic
shock (9) . Reperfusion in this group of patients by emer-
gency coronary artery bypass grafting or direct coronary
angioplasty has invariably shown a beneficial effect on
in-hospital and late survival (8,10-12) . Although cardiogenic
shock was predictive of failure, success rates in this patient
subgroup remained high (85%) .
Multivessel coronary artery disease . Multivessel coronary
artery disease has been shown to be ; e powerful predictor of
survival and subsequent reinfarction after acute myocardial
infarction (13,14). Previous analysis from this institution
identified multivessel coronary artery disease as an indepen-
dent predictor of in-hospital mortality after direct coronary
angioplasty (1) . The in-hospital mortality rate in patients
with single-vessel disease was only 1% compared with 12%
in patients with multivessel disease (2,3). Although patients
with multivessel disease have a higher procedural failure rate
with direct coronary angioplasty, the latter remains a very
Inability to cross with guide wire 13(29,7o)
Ineffective balloon dilation 13 (29%)
Acute vessel closure 13(299o)
Inability to cross with balloon 3(7%)
Other 3 (7%)
In-Hospital
Death
(n = 14)
Survival to
Discharge
(n = 31)
Age (yr) 66 ± 3
62 ± 10
MI location
Anterior 9(64%) 14(45%)
Inferior 5(3601o) 17(55%)
Artery dilated
LAD 6(43%) 12(39%)
RCA 3(21%) 8 (26%)
LCx 1(7%) 7 (22%)
SVG 4(29%) 4(13%)
ijection fractio=n 36 ± 17% 51 ± 15%
No, of patients
In shock 7(50%) 3 (10%)t
With previous MI 6(43%) 13 (41%)
With previous CABG 4(29%) 5(16%)
With single-vessel disease 1(7%) 12(39141 )
With multivessel disease 13(93%) 19(61%)
Failed
(n = 14)
Successful
(n = 34)
Shock
7(5 ) 17(5
Posts ncy CABG 506%) 0
Arrhythmia
204%) 0
Acute closure
0 14(41%)
Acute myocardial int^kretion 0 2(6%)
Ventricular rupture
0 10%)
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effective means of establishing reperfusion (92%) . However,
when rnuhivessel disease was identified at the time of
cardiac catheterization, only the infarct-related artery was
dilated . Because it quickly became apparent that dilation of
noninfarct-related coronary a eries increased procedural
co ,rtplication rates, this strategy was abandoned .
Infarct-relate artery atency . The ability to establish
and maintain patency of the infarct-rek led artery appears to
be an important determinant of survival (15,16) . Failed
reperfusion by either angioplasty or thrombolytic therapy
identifies a group of patients with much higher in-hospital
and late mortality rates . In the Thrombolysis and Angio-
plasty in Myocardial Infarction (TAMI) I trial, the mortality
rate was much higher (44%) in patients with failed ihrombol-
ysis and failed angioplasty than in patients with failed
thrombolysis but successful angioplasty (6%) (17) . Similar
results have been reported by others (18) .
It is conceivable that the performance of angioplasty in
some patients with acute myocardial infarction may he
harmful, particularly in patients with failed angioplasty .
Administration of contrast medium, changes in intravascular
volume, pain, vagal stimuli and additional ischemia due to
manipulation of the guide catheter could contribute to the
poorer clinical outcome . Although one cannot dismiss the
possibility that these factors contributed to the mortality of
some patients with failed direct angioplasty, the increased
mortality is consistent with the natural history of acute
myocardial infarction in this group of patients with high risk
baseline characteristics .
Emergency bypass surgery in acute myocardial infarction .
The outcome of patients with failed direct coronary angio-
plasty who underwent emergency bypass surgery was poor .
Of the 12 patients who underwent emergency surgery, 5
(42%) died . All five of these patients had triple-vessel
disease, three were in cardiogenic shock and three had had
previous bypass surgery . Previous reports (12) on the use of
emergency bypass surgery in acute myocardial infarction
identified multivessel disease and cardiogenic shock as ma-
jor determinants of in-hospital survival .
New approaches. Balloon angioplasty remains the main-
stay of catheter-based techniques for coronary artery reper-
fusion in acute myocardial infarction . Evaluation of the use
of adjunctive thrombolytic agents, alternative catheter-
based systems for saphenous vein bypass grafts involving
large amounts of thrombus and intraaortic balloon counter-
pulsation to prevent reocclusion are ongoing (19-21)
Study limitations . This study reflects the worl; of an
experienced group of interventional cardiologists at a single
high volume center. Interventional cardiologists experienced
with this approach have consistently reported high success
rates (5,6) . If the failure rate was increased, however, more
patients could potentially be subject to an adverse outcome .
In addition, the treatment was nonrandomized, the analysis
was retrospective and there were no prospective, standard-
ized criteria for referral for emergency bypass surgery .
Because the study period spanned I1 years, significant
BF 7 fO E T AL 693
changes in lechllology, operator experience and mechn ;que
occurred .
Conclusions . Direct, corrmary angioplasty is a safe, e ec-
live and widely applicable method for establishing reperfa-
st n in acute myocardial infarction . Although rhultivessel
disease and cardiogenic shock are predictive of failure,
success rates remain high . Procedural failure is infrequent
and tends to cluster around patients with high risk baseline
characteristics .
We gratefully acknowledge Susan Spaude and Patti Eikenberry for their help
in data collection and Kelly Williams for secretarial assistance
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